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Introduction

40
Linear and non-linear Partial Differential Equations (PDEs) mod- 41 els have been applied to image restoration and analysis for about 42 two decades now. Of interest to PDEs models are studies related 43 to image selective smoothing, whereby the smoothing is adap-44 tively controlled not only by the amount of smoothing but also 45 by the direction along the image features. The classic models in- 46 clude the Perona-Malik equation [1] and the mean curvature flow 47 [7], which smooth out noise or trivial textures in an image while 48 preserving the essential structures or boundaries of the object. 49 There exists an extensive literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] which addresses both 50 their theoretical and application aspects, wherein the mean curva-51 ture flow is one of the most popular anisotropic diffusion models. 52 Alvarez et al. in [3] proved that the mean curvature was invariant 53 under changes of illumination, positions, orientations and scales of 54 objects. Lu et al. in [15] further studied the evolutional behavior of 55 the mean curvature flow and the two principal curvature flows. In-56 deed, the attractive quality of the mean curvature flow model is 57 that sharp boundaries are preserved, i.e. smoothing takes place in-58 side a region, but not across region boundaries. But then, due to 59 Grayson's theorem [4] , it is known that each contour shrinks to 60 zero and disappears through the continued application of the cur-61 vature flow scheme. Consequently, a stopping criterion is required. 62 In order to control the model's evolution, Malladi holding approach can also be seen as a constraint term and can 112 be introduced into the geodesic active model as described in [18] . 113 This paper is organized as follows: the min/max flow scheme is 114 first briefly introduced in Section 2. Then, the image anisotropic 115 diffusion is analyzed under this scheme in detail in Section 3. 116 The numerical drawback from the original scheme is demon-117 strated, and our presented schemes are also provided in this sec- In Fig. 2 we show the initial notched shapes in a neighborhood around 248 some point in Fig. 3(a and b) . The result using the scheme of Eq.
249
(2) is shown in Fig. 3 is the same as the slope of x 1 . Similarly, the same argument yields 
that the adjacent point to x n , i.e. x nÀ1 , has the same slope as x n .
275
Obviously, extending the adjacent points to point C, respectively, 276 from x n and x 1 , one can see that the slope of C is, respectively, equal 277 to the slopes of x n and x 1 . This means that the two line segments 
316
When jlj < r, the diffusion takes place at the center of l, and the edge 317 l is smoothed out. If the radius is selected so large that the initial 318 edge l satisfies jlj < r at the beginning, it is obvious that the diffu-319 sion takes place at every point on l. In this case, the edge l is 320 smoothed out quickly. On that basis, we can formulate the follow-321 ing proposition.
322
Proposition 3. Many iterations of the scheme of Eq. (2) with a small 323 radius is roughly equivalent to an evolution with a large radius.
324
In Fig. 5(b and c) , we illustrate the results of the evolution of Eq.
325
(2) with a radius = 1. 2) with a small radius is roughly equivalent to an evolution with a large radius.
where edgef ¼ maxfsignððG ary leaking problem exists in the standard deformable models, 514 we will demonstrate that the incorporation of this extended frame-515 work is ideal to overcome this major shortcoming. We will also 516 illustrate its applications to segmentation and region tracking. boundary. Thus, this scheme is prone to boundary leaking.
613
The boundary leaking problem does not only appear in image 614 segmentation, but also appears in region tracking applications.
615
Usually, most deformable models can be used to extract the con- The detection and tracking problems were described in [21] as 644 an energy minimization problem. The Euclidean curve evolution 645 equation is described as, Comparison of motion detection and tracking part, respectively, using the original scheme of Eq. (7) and our proposed scheme of Eqs. (9) (10). Notice that our proposed scheme gives accurate tracking compared to the original scheme. Fig. 13 . Region tracking using Eq. (11). In the first six frames, the object is moving slowly, while the object is moving quickly after 19th frame. This shows that the proposed scheme is suitable for slowly moving objects. 
